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(54) [Title of the Invention] 

Manufacturing Method of Non-Aqueous Electrolyte 
Battery 

5 (57) [Abstract] 

[Problem] To provide a manufacturing method for an easily 
manufactured non-aqueous electrolyte battery which can be 
rapidly impregnated with an electrolytic solution, by 
impregnating polymer films 4 formed on both sides of 
10 separators 3 with electrolytic solution and then applying heat 

and pressure to bond a positive electrode 1 and a negative 
electrode 2. 

[Means of Solution] The manufacturing method 

comprises: a polymer film forming process for forming a 

15 polymer film 4 on both sides of a separator 3; an electricity 

generating element manufacturing process for manufacturing 
an electricity generating element by laminating positive 
electrodes, negative electrodes and separators obtained in the 
polymer film forming process; a battery manufacturing 

20 process for manufacturing batteries by storing the electricity 

generating element in a battery case, injecting electrolytic 
solution into the battery case, and sealing; and a compressing 
process for heating and then cooling the battery while 
applying compression to the battery case at least during 

25 cooling. 
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[Patent Claims] 

1. A manufacturing method for a non-aqueous 
electrolyte battery, comprising: 

a polymer film forming process for forming a polymer 
film on both sides or one side of a separator; 

an electricity generating element manufacturing process 
for manufacturing an electricity generating element by 
laminating positive electrodes, negative electrodes and 
separators obtained in the polymer film forming process; 

a battery manufacturing process for manufacturing 
batteries by storing the electricity generating element in a 
battery case, injecting electrolytic solution into the battery 
case, and sealing; and 

a compressing process for heating and then cooling the 
battery while applying compression to the battery case at least 
during cooling. 

2. The manufacturing method for a non-aqueous 
electrolyte battery according to claim 1, where in the 
compressing process, the battery manufactured in the battery 
manufacturing process is heated and then cooled, and 
compression is applied to the battery case during heating and 
cooling. 

3. The manufacturing method for a non-aqueous 
electrolyte battery according to claim 1 or 2, where in the 
compressing process, the maximum temperature of the 
electricity generating element during heating is at least 60°C 



and not more than 100°C. 

[Detailed Description of the Invention] 
[0001] 

5 [Technical Field to which the Invention Pertains] The 

present invention relates to a manufacturing method for a 
non-aqueous electrolyte battery such as a polymer battery or 
the like. 
[0002] 

10 [Prior Art] Polymer batteries are non-aqueous electrolyte 

batteries wherein positive and negative electrodes are 
separated by a separator if necessary, and polymer films 
impregnated with electrolytic solution are bonded and 
integrated. Conventional manufacturing methods for these 

15 polymer batteries are shown below. 

[0003] In the first manufacturing method, a polymer 

material is first dissolved in solvent and applied to the 
surfaces of the positive and negative electrodes and/or the 
separator, and these positive and negative electrodes are 

20 overlaid with the separator in between, and then rolled to 

produce an electricity generating element. Next, this 
electricity generating element is dried to evaporate off the 
solvent and form a polymer film which bonds between the 
electrodes and the separator. Furthermore, this electricity 

25 generating element is stored in a battery case and then 

injected with electrolytic solution in order to impregnate the 
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electrolytic solution into the polymer films between the 
electrodes and separator to form a polymer battery. 
[0004] In a second manufacturing method, an electricity 

generating element is manufactured by positioning a polymer 
film in between positive and negative electrodes to laminate 
or roll them. Next, the polymer film is melted by heating the 
electricity generating elements to create a polymer film which 
bonds between the electrodes. Furthermore, this electricity 
generating element is stored in a battery case and injected 
with electrolytic solution in order to impregnate electrolytic 
solution into the polymer film between the electrodes to form 
a polymer battery. Note, in this case a separator may also be 
provided between the electrodes. 

[0005] In a third manufacturing method (disclosed in 

Japanese Patent Application Laid Open No. H10-255849), a 
polymer film impregnated with electrolytic solution is 
positioned between positive and negative electrodes on the 
surface of a supporting member, or a polymer film 
impregnated with electrolytic solution is formed on the 
surface of either the positive or negative electrode and then 
overlaid with the other electrode, and these are laminated or 
rolled to form an electricity generating element. Next, the 
polymer film or polymer film is partially melted and bonded 
between the electrodes by heating and compressing the 
electricity generating element, which is then stored in a 
battery case to form a polymer battery. 



[0006] 

[Problem to be Solved by the Invention] However, with 
the conventional first manufacturing method or second 
manufacturing method, the electrolytic solution is 
impregnated after bonding of the polymer film between the 
positive and negative electrodes, and the broad surfaces of the 
polymer film are tightly bonded without gaps to the surface of 
the electrodes which laminated or rolled, so the electrolytic 
solution can only penetrate through the side region of the 
polymer film which is exposed from between the electrodes. 
Therefore, a long time will be required until the electrolytic 
solution has spread to the center region of the polymer film 
and is impregnated into the whole layer, and subsequent 
processes such as preliminary charging or the like cannot be 
performed, so there are problems with poor productivity for 
this battery. In other words, as shown in the example of Fig. 
4, with the first and second manufacturing methods, when 
electrolytic solution is injected after a positive electrode 1 
and a negative electrode 2 are bonded by a polymer film 4 
which was coated onto both surfaces of a separator 3, the 
electrolytic solution can only permeate into the side region of 
the polymer film 4 which is exposed between the positive 
electrode 1 and the negative electrode 2 which are formed 
laminated or rolled, as shown by Arrow A in the figure. 
Furthermore, active material combinations of the positive 
electrode 1 and negative electrode 2 can similarly only be 



permeated by the electrolytic solution from the sides. 
[0007] Furthermore, with the third conventional 

manufacturing method, a polymer film which has become 
gelatinous by being impregnated with electrolytic solution is 
transported and positioned between the electrodes, or an 
electrode formed with a gelatinous polymer film which has 
been impregnated with electrolytic solution is transported and 
overlaid by another electrode, and formed into a multilayer 
structure which is then rolled, but this operation is not easy, 
and there are problems with difficulty in manufacturing. 
Moreover, the injection quantity of electrolytic solution is 
determined by the polymer film and the amount of permeation 
into the polymer film, so there are problems in that a fixed 
quantity of electrolytic solution cannot be injected. 
Furthermore, separators are not positioned between the 
electrodes, so there will be problems with internal short 
circuits readily occurring in the battery. 

[0008] With the foregoing in view, an object of the 

present invention is to provide a manufacturing method for an 
easily manufactured non-aqueous electrolyte battery wherein 
the electrolytic solution will rapidly permeate, by injecting 
the electrolytic solution and then applying heat and 
compression to bond the electrodes with a polymer film. 
[0009] 

[Means for Solving the Problem] The manufacturing 

method of the non-aqueous electrolyte battery of claim 1 
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comprises: 

a polymer film forming process for forming a polymer 
film on both sides or one side of a separator; 

an electricity generating element manufacturing process 
5 for manufacturing an electricity generating element by 

laminating positive electrodes, negative electrodes and 
separators obtained in the polymer film forming process; 

a battery manufacturing process for manufacturing 
batteries by storing the electricity generating element in a 
10 battery case, injecting electrolytic solution into the battery 

case, and sealing; and 

a compressing process for heating and then cooling the 
battery while applying compression to the battery case at least 
during cooling. 

15 [0010] With the invention of claim 1, in the electricity 

generating element manufacturing process, the laminating and 
rolling of the electricity generating element is performed 
while the polymer film is formed on only the surface of the 
electrode or separator, so a gap is formed between the 

20 electrode or the separator and the polymer film. For instance, 

if polymer film is formed on both surfaces of the separator, a 
gap will occur between this polymer film and the positive and 
negative electrodes, and if the polymer film is formed on both 
surfaces of the positive and negative electrodes, a gap will 

25 formed between the polymer film and a separator. 

Furthermore, even if the polymer film is formed on all 
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surfaces of the positive and negative electrodes and the 
separator, gaps will form between these polymer films. 
Furthermore, in the battery manufacturing process, 
electrolytic solution is injected into the electricity generating 
element, so the electrolytic solution will permeate into the 
center of the electric generating element by capillary action 
along all of the gaps between the polymer film and the 
electrodes or the like, and will rapidly permeate into the 
inside from the whole surface of the polymer film and the 
electrodes. In this manner, the polymer film which has been 
permeated with electrolytic solution will swell and be 
partially melted by the heating and compression of the battery 
case itself in the heating and compressing process, and 
therefore the electrodes or the like can be bonded together 
and the gaps can be filled in. Furthermore, this heating and 
compressing process is performed while the battery case is 
sealed, so even if the electrolytic solution or the like produces 
gases during heating, those gases will not escape to the 
outside and manufacturing can be safely performed. Note, 
this polymer film is compressed after swelling and partially 
melting by heating, so compressing the battery case at least 
during cooling will be sufficient. 

[0011] Moreover, the electrodes and separator are 

overlaid and rolled while the polymer film is not impregnated 
with electrolytic solution, so there will not be manufacturing 
difficulties as in the case where a gelatinous polymer film is 
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handled. Furthermore, a prescribed quantity of electrolytic 
solution can be injected into the battery case, so variation of 
the injection quantity of electrolytic solution can be 
eliminated. Furthermore, a separator is established between 
the electrodes, so internal shorting of the battery will not 
readily occur. 

[0012] With the non-aqueous electrolyte battery 

manufacturing method of claim 2, in the compressing process, 
the battery manufactured in the battery manufacturing process 
is cooled after heating, and compression is applied to the 
battery case during heating and during cooling. 
[0013] With the invention of claim 2, compression is 

applied to the battery case during the heating and compressing 
process not only during cooling, but from the time of heating, 
so gaps between the polymer film and the electrodes or the 
like can positively be filled and bonded. 

[0014] In the non-aqueous electrolyte battery 

manufacturing method of claim 3, during the compressing 
process, the maximum temperature of the electricity 
generating element during heating is at least 60°C and not 
more than 100°C. 

[0015] With the invention of claim 3, the heating 

temperature during the heating and compressing process is 
within a range of 60°C to 100°C, so the polymer film will be 
heated to an optimum temperature for swelling and partially 
melting, and can be bonded to the electrodes or the like. 
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[0016] 

[Embodiment of the Invention] Preferred embodiments of the 
present invention will be described below while referring to 
the drawings. 

[0017] Fig. 1 shows a preferred embodiment of the 

present invention, and is a partially enlarged vertical 
cross-section diagram of an electricity generating element 
with positive electrodes and negative electrodes laminated via 
a separator with polymer film on both sides. Note, 
components and materials with similar function to that of the 
conventional example shown in Fig. 4 are assigned the same 
numbers. 

[0018] This embodiment describes a multilayer polymer 

battery. As shown in Fig. 1, the electricity generating 
element of this polymer battery is obtained by laminating 
positive electrodes 1 and negative electrodes 2 via a separator 
3. The positive electrode 1 has a positive electrode 
compound material lb containing a positive electrode active 
material such as lithium cobalt oxide or lithium manganate 
supported on both sides of a positive electrode substrate la 
such as aluminum foil or the like, and the negative electrode 2 
has a negative electrode compound material 2b containing a 
negative electrode active material such as graphite or the like 
supported on both sides of a negative electrode substrate 2a 
such as copper foil or the like. Furthermore, the separator 3 
is a polyolefin film which has a porous structure. 
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[0019] For the polymer battery manufacturing method of 

this embodiment, the case where polymer film 4 is formed on 
both sides of the separator 3 will be described. The polymer 
film 4 is a resin layer made of polymer materials such as 
polyvinylidene difluoride (PVDF), polyhexafluoropropylene 
(PHFP) or polytetrafluoroethane (PTFE) or any copolymer 
thereof, as well as polyacrylonitrile (PAN) styrene-butadiene 
rubber, acrylic resin, or polyester type resin or the like, and 
these materials are preferably formed to have porosity. 
These polymer films 4 are formed by dissolving the polymer 
material in solvent, which is then applied to the surface of the 
separator 3, and then evaporating off the solvent (polymer 
film forming process). 

[0020] The electricity generating element is produced 

by placing a separator 3 formed with a polymer film 4 
between each of the positive electrodes 1 and negative 
electrodes 2 to make a multilayer structure (electricity 
generating element manufacturing process). At this time, the 
polymer film 4 on both sides of the separator 3 is dried by 
evaporating off the solvent, so handling during production 
will not be inconvenient. In the electricity generating 
element manufacturing process, the positive electrode 1 and 
the negative electrode 2 are simply overlaid with the separator 
3 therebetween, so a small gap will occur between the 
positive electrode 1 or the negative electrode 2 and the 
polymer film 4 as shown in the figure. 
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[0021] The electricity generating element is stored in a 

battery case not shown in the drawings, and electrolytic 
solution is injected into the battery case before sealing 
(battery manufacturing process). The battery case may be 
assembled by welding, bonding, or thermal bonding a lid on 
to a battery can or battery container made from metal or 
plastic or the like, or a sack may be formed from a laminate 
film made by laminating a resin film onto both sides of a 
metal foil, and the opening sealed using thermal bonding or 
the like. The electrolytic solution is a non-aqueous 
electrolytic solution with lithium ions or the like dissolved in 
an organic solvent. This electrolytic solution is normally 
injected at ambient pressure. Furthermore, permeation of the 
electrolytic solution can be promoted by placing the battery 
case in a near vacuum condition after injecting the liquid. 
The battery case which holds the electricity generating 
element and is injected with electrolytic solution is sealed 
inside by sealing the liquid injection opening of the lid or 
laminate film or the like. Note, in the battery manufacturing 
process, the electricity generating element may be 
pre-charged by charging the electricity generating element to 
3.6 V per cell or higher after injecting the electrolytic 
solution. If this pre-charging is performed, a skin will 
positively be formed on the negative electrode 2 prior to 
bonding with the polymer film 4, so the cycle properties of 
the battery can be increased and the stability can be improved. 
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However, this pre-charge may produce gases, and is therefore 
preferably performed prior to closing the battery case. 
[0022] When the electrolytic solution is injected into 

the battery case in the battery manufacturing process, the 
5 electrolytic solution will permeate not only from the edges of 

the polymer film 4 which are exposed between the positive 
electrode 1 and the negative electrode 2 as shown by the 
arrow A in Fig. 1, but will also permeate into the layer from 
the whole surface of the polymer film 4 into the center region 

10 of the electricity generating element by capillary action and 

permeation into the gaps between the polymer film 4 and the 
positive electrode 1 or negative electrode 2 as shown by 
arrow B in Fig. 1. Furthermore, the electrolytic solution will 
similarly permeate from the whole surface and the edges into 

15 the positive electrode compound material lb of the positive 

electrode 1 and the negative electrode compound material 2b 
of the negative electrode 2. 

[0023] A polymer battery which has been manufactured 

in the battery manufacturing process is temporarily heated 

20 and then cooled while compression is applied to the battery 

case at least during cooling (heating and compressing 
process). When the polymer battery is heated, the polymer 
film 4 of the electricity generating element which is stored in 
the battery case will swell and partially melt, and when 

25 cooled, this polymer film 4 will return to a solidified or 

gelatinous state. Furthermore, if compression is applied to 
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the battery case during this cooling, the polymer film 4 which 
has swelled and partially melted will bond tightly to the 
surface of the opposing positive electrode 1 or negative 
electrode 2, and will adhere when returning to the solidified 
or gelatinous state. If a multilayer electricity generating 
element is used as with this embodiment, the compression on 
the battery case will preferably be performed by compressing 
on both sides in the multilayer direction. Furthermore, for 
the case of a rolled electricity generating element, 
compression is preferably applied in the center axial direction 
of the whole circumferential surface. Note, compression 
may be applied to the battery case not only during cooling, 
but also during heating. If pressure is applied during heating 
as well, the polymer film 4 which has melted and softened 
under heating can be pressed onto the surface of the positive 
electrode 1 or the negative electrode 2, so gaps therebetween 
can positively be filled and bonding can be performed. 
[0024] Heating during the heating and compressing 

process is optimally performed so that the maximum 
temperature of the whole electricity generating element of the 
polymer battery is within a range between 60°C and 100°C. 
If the heating temperature is below 60°C, the polymer film 4 
will not melt to a degree which will sufficiently bond. In 
contrast, if the heating temperature exceeds 100°C, the 
polymer film 4 will do melt too much, and if the polymer film 
4 is porous, the porous properties will be lost and there is a 
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possibility that the polymer film will melt and exude from 
between the positive electrode 1 and the negative electrode 2. 
Moreover, if the temperature is too high, gases will be 
produced by the polymer film 4 and the electrolytic solution 
or the like and there will be problems with swelling or the 
like of the battery case. Furthermore, an appropriate heating 
time is between 5 minutes or longer and less than 5 hours in 
order to achieve positive and sufficient bonding. 
Furthermore, the temperature rise during heating is preferably 
at 0.01°C/second or higher, and the temperature drop during 
cooling is preferably at 0.005°C/second or higher until the 
50°C level is reached. If a high temperature condition is 
maintained for long period of time, the polymer film 4 and the 
electrolytic solution or the like may degrade and there is a 
possibility that gases may be generated. However, once the 
temperature has dropped to 50°C or lower during cooling, 
bonding will positively be achieved, so the time required for 
processing can be shortened by rapidly cooling down to 
temperatures of 50°C or lower . 

[0025] As described above, with the polymer battery 

manufacturing method of the present embodiment, when 
electrolytic solution is injected into the battery case, the 
electrolytic solution will permeate into the center region of 
the electricity generating element through gaps between the 
polymer film 4 and the positive electrode 1 or negative 
electrode 2, and therefore the inside region can quickly 



become permeated from the whole surface of the polymer film 
4 and the positive electrode 1 or negative electrode 2. 
Therefore, the waiting time for the electrolytic solution to 
sufficiently permeate into the electricity generating element 
will be shorter, and therefore productivity of the polymer 
battery can be increased. Furthermore, this polymer battery 
is heated in order to bond the polymer film 4 in the heating 
and compressing process after the battery case has been 
sealed, so even if gases are generated because of heating of 
the electrolytic solution or the like, the gases will not be 
discharged to the outside of the battery case, so 
manufacturing can be safely performed. 

[0026] Moreover, in the electricity generating element 

manufacturing process, the laminating operation is performed 
without electrolytic solution being impregnated into the 
polymer film 4 which is formed on both sides of the separator 
3, so there will not be manufacturing difficulties such as the 
case where gelatinous polymer film 4 is handled. 
Furthermore, in the battery manufacturing process, a 
prescribed quantity of electrolytic solution can be injected 
into the battery case, so variation in the injection quantity of 
the electrolytic solution can be eliminated. Furthermore, 
this polymer battery has a separator 3 positioned between the 
positive electrode 1 and the negative electrode 2, so internal 
shorting of the battery will not readily occur. 
[0027] Note, in the aforementioned embodiment, the 
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case where the polymer film 4 was formed on the separator 3 
was described, but the polymer film 4 may also be formed on 
one or both of the positive electrode 1 and the negative 
electrode 2, or may be formed on all of the positive electrode 
1, negative electrode 2, and the separator 3. 
[0028] Furthermore, in the aforementioned embodiment, 

a polymer battery with a multiple layer type electricity 
generating element was described, but a polymer battery with 
a rolled electricity generating element is similarly possible. 
Furthermore, this embodiment may be similarly applied to 
non-aqueous electrolyte batteries other than polymer batteries 
so long as the battery has an electricity generating element 
where the positive electrode 1 and the negative electrode 2 
which are separated by a separator 3 are bonded by a polymer 
film 4. 
[0029] 

[Embodiments] Next, the present invention will be 
described based on preferred embodiments. 

[0030] [Embodiments 1 through 11] A non-aqueous 

electrolyte secondary battery according to the present 
invention was made by storing an oval shaped rolled 
electricity generating element made from a positive electrode 
plate, a separator, and a negative electrode plate together with 
a non-aqueous electrolytic solution (omitted from the 
drawings) in a metal laminate plastic film case made by 
thermal bonding of a metal laminate plastic film, and the 
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appearance is shown in Fig. 2. In Fig. 2, 11 represents the 
electricity generating element, 12 represents the battery case, 
13 represents the bonding region of the battery case, 14 
represents the positive electrode terminal, and 15 represents 
the negative electrode terminal. 

[0031] The positive electrode active material was a 

lithium cobalt compound oxide. The positive electrode plate 
was for maintaining the aforementioned lithium cobalt 
compound oxide as the active material on the collector. The 
collector was made from aluminum foil with a thickness of 20 
jim. The positive electrode plate was manufactured by 
mixing 6 wt% PVDF, an adhesive, with 4 wt% acetylene black, 
a conducting agent, together with 90 wt% of active material, 
then adding an appropriate quantity of N-methyl pyrrolidone 
to form a paste, which was then applied to both surfaces of 
the collector material, and dried. 

[0032] The negative electrode plate was manufactured 

by mixing 92 wt% graphite as the host material with 8 wt% of 
PVDF as adhesive, and then adding an appropriate quantity of 
N-methyl pyrrolidone to form a paste which was then applied 
to both surfaces of a collector, and dried. The collector for 
the negative electrode plate was copper foil with a thickness 
of 15 p,m. 

[0033] The positive electrode plate and the negative 

electrode plate were compressed and formed such that the 
positive electrode plate had a thickness of 150 jim and a width 
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of 48 mm and the negative electrode plate had a thickness of 
160 jim and a width of 49 mm, lead terminals were then 
welded on the positive electrode plate and the negative 
electrode plate to obtain the positive electrode plate and 
negative electrode plate for the non-aqueous electrolyte 
secondary battery of the present invention. 

[0034] The separator was formed by applying 5 \im of a 

porous PVDF-HFP copolymer film to both surfaces of the 20 
jim thick polyethylene microporous film. The method for 
forming the porous PVDF-HFP copolymer onto the surface of 
the polyethylene microporous film was to apply PVDF-HFP 
dissolved in an NMP solution onto a polyethylene 
microporous film, and then making porous by immersing in 
pure water to remove the NMP in the polymer solution and 
replaced with pure water. Finally, a polyethylene 
microporous film with a porous PVDF-HFP copolymer film 
on the surface was obtained by drying at 60°C. The applied 
quantity of porous PDVF-HFP copolymer was 10 g/m2. 
[0035] These positive electrode plates or negative 

electrode plates and separators were overlaid in a positive 
electrode - separator - negative electrode - separator order, 
around a rectangular shaped polyethylene core at the center, 
and rolled in an elongated spiral shape around the core such 
that the long end was parallel to the rolling center axis of the 
electricity generating element, to form an electricity 
generating element with the size of 50 x 35 x 3 mm. 
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[0036] Furthermore, the insulation region of the 

electrode with a length appropriate for the electrode width 
was attached to the region of the electricity generating 
element side wall which was parallel to the rolling center axis 
using ethylene tape to stop unwinding, in order to secure the 
electricity generating element roll. 

[0037] The oval-shaped rolled electricity generating 

element was stored in the concave side of a medal laminate 
resin film case which had been previously deep squeeze 
processed, the lead terminal side and one of the lateral sides 
were heat bonded to form a bag shape, and a quantity of 
electrolytic solution which would sufficiently moisten the 
electrodes and the separators without leaving free electrolytic 
solution outside of the electricity generating element was 
vacuum injected through the opening in the case which had 
not been bonded. 

[0038] The electrolytic solution was a 6:4 (volumetric 

ratio) mixture of diethylene carbonate and ethylene carbonate 
containing 1 mole/liter of LiPF6. 

[0039] Later, the opening in the metal laminate resin 

film was sealed by thermal bonding while applying a vacuum. 
[0040] The batteries obtained were left for 30 minutes 

in a temperature chamber at various temperatures while being 
compressed by the compression forces shown in Table 1 using 
the battery compression fixture shown in Fig. 3. Note, in 
Fig. 3, 21 represents a battery, 22 represents a compression 



spring, and 23 represents an SUS plate. Later, the batteries 
were cooled to room temperature for 30 minutes while 
compressed by the compression forces shown in Fig. 1. As 
shown above, non-aqueous electrolyte secondary batteries Al 
through All were produced with a rated capacity of 500 mAh 
according to the present invention. 

[0041] [Embodiment 12] Embodiment 12 is a 

non-aqueous electrolyte secondary battery produced by the 
same component elements and manufacturing method as 
embodiment 1 except that pressure was not applied during 
heating and the compressing process and only during cooling 
was compression performed with a compressive force of 0.1 
MPa/cm2. This battery is referred to as A12. 
[0042] [Comparative Example 1] Comparative example 

1 is a non-aqueous electrolyte secondary battery produced by 
the same component elements and manufacturing method as 
embodiment 1 except that compression with a compressive 
force of 0.1 MPa/cm 2 was applied during heating, but 
compression was not applied during cooling. This battery is 
referred to as A13. 

[0043] [Comparative Example 2] Comparative example 

2 is a non-aqueous electrolyte secondary battery produced by 
the same component elements and manufacturing method as 
embodiments 1 through 11, except that compression was not 
applied during cooling or heating. This battery is referred to 
as A14. 
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[0044] [Comparative Example 3] The manufacturing 

method for comparative example 3 is shown below. The 
positive and negative electrode plates were the same as those 
from embodiments 1 through 11. The separator used a 
polyethylene microporous film. A solution of PVDF-HFP 
copolymer dissolved in NMP solvent was applied onto the 
polyethylene microporous film, and then before the polymer 
solution had dried, the positive electrode plates and the 
negative electrode plates were overlaid in the order positive 
electrode plate - separator - negative electrode plate, around 
a rectangular shaped polyethylene core at the center, and 
rolled in an elongated spiral shape around the core such that 
the long end was parallel to the rolling center axis of the 
electricity generating element. The electricity generating 
elements obtained were dried for 5 hours at 80°C while 
compressing with a compressive force of 0.1 MPa/cm 2 using 
the compression fixture shown in Fig. 3 in order to remove 
the NMP and bond PVDF-HFP copolymer between the 
positive electrode plate and the separator and between the 
negative electrode plate and the separator. 

[0045] Similar to embodiment 1, this electricity 

generating element was stored in a medal laminate resin film 
case, and after injecting with electrolytic solution, the 
opening of the metal laminate resin film was sealed to 
produce the non-aqueous electrolyte battery of comparison 
example 3. This battery is referred to as Bl. 
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[0046] [Comparative Example 4] 

[0047] The manufacturing method for comparison 

example 4 is shown below. The positive and negative 
electrode plates were the same as those from embodiment 1. 
The separator used a PVDF-HFP copolymer porous polymer 
film. The porous polymer film, the positive electrode plates 
and the negative electrode plates were overlaid in the order 
positive electrode plate - separator - negative electrode plate, 
around a rectangular shaped polyethylene core at the center, 
and rolled in an elongated spiral shape around the core such 
that the long end was parallel to the rolling center axis of the 
electricity generating element. The electricity generating 
elements obtained were heated to 145°C, which is the melting 
point of the PVDF-HFP copolymer while compressing with a 
compressive force of 0.1 MPa/cm 2 using the compression 
fixture shown in Fig. 3, and after the polymer film had melted, 
the electricity generating elements were cooled, and thus 
electricity generating units where the positive and negative 
electrodes were bonded by a polymer film were obtained. 
[0048] Similar to embodiment 1, this electricity 

generating element was stored in a metal laminate resin film 
case, and after injecting with electrolytic solution, the 
opening of the metal laminate resin film was sealed to 
produce the non-aqueous electrolyte battery of comparison 
example 4. This battery is referred to as B2. 
[0049] Next, the permeation of the electrolytic solution 



25 



and the adhesive properties between the electrodes was 
confirmed. The non-aqueous electrolyte secondary batteries 
obtained were disassembled, and checked to confirm if the 
electrolytic solution had permeated onto the whole surface of 
the electrodes (electrolytic solution permeation) and if there 
was adhesion from the polymer film between the positive 
electrode plate and the separator as well as between the 
negative electrode plate and the separator (adhesion). The 
results are shown in Table 1. Furthermore, for comparative 
examples 3 and 4, disassembly was performed after allowing 
to set for one hour after sealing so that the time from 
injection of liquid until the disassembly inspection was 
performed would be the same as for the embodiments. 
[0050] Note, permeation of the electrolytic solution was 

recorded as X if the area of the electrode not moisten by the 
electrolytic solution was 20% or higher of the total electrode 
surface area, recorded as A if the unmoistened area was less 
then 20%, but some areas were not moistened, and recorded as 
O if the entire area was moistened. Furthermore, the 
adhesion between the electrodes was recorded as X if there 
was absolutely no adhesion, recorded as A if there was 
adhesion to less than 60% of the electrode surface, recorded 
as O if the adhesion was 60% or higher but less than 90%, and 
recorded as (O) if the adhesion was 90% or higher. 
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From the above results, the manufacturing method of the 
present invention injects electrolytic solution before bonding 
the electrodes or the separator to the polymer film, and 
therefore the electrolytic solution can rapidly permeate into 
the electricity generating element. Furthermore, favorable 
adhesion can be obtained by compressing during cooling. 
Furthermore, the compressive force during compressing is 
preferably 0.03 MPa/cm 2 or higher. Furthermore, the 
heating temperature during compression is preferably 60°C or 
higher. 
[0052] 

[Effect of the Invention] As is clear from the above 
description, using the non-aqueous electrolyte battery 
manufacturing method of the present invention, the 
electrolytic solution is injected prior to bonding of the 
polymer film to the electrodes and separator, and therefore 
the electrolytic solution will permeate into the gaps between 
the polymer film and the electrodes or the like and can 
quickly permeate into the electricity generating element. 
Furthermore, heating compression for bonding the polymer 
film is performed while the battery case is sealed, so there is 
no possibility of discharging gases and manufacturing can be 
safely performed. 

[0053] Moreover, a prescribed quantity of electrolytic 

solution can be injected into the battery case, so variation of 
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the electrolytic solution injection quantity can be eliminated. 
Furthermore, a separator is located between the electrodes, so 
internal shorting of the battery will not easily occur. 
[Brief Description of the Drawings] 

Fig. 1 shows a preferred embodiment of the present invention, 
and is a partially expanded longitudinal cross section diagram 
of an electricity generating element with positive electrodes 
and negative electrodes laminated via a separator formed with 
polymer films on both sides thereof. 

Fig. 2 shows an embodiment of the present invention and is a 
diagram showing the appearance of a non-aqueous electrolyte 
battery. 

Fig. 3 shows an embodiment of the present invention, and is a 
diagram showing the battery compressing fixture. 
Fig. 4 shows a conventional example, and is a partially 
enlarged vertical cross section diagram of an electricity 
generating element where positive electrodes and negative 
electrodes are laminated and bonded via a separator formed 
with polymer films on both sides thereof. 
[List of Elements] 

1 positive electrode 

2 negative electrode 

3 separator 

4 polymer film 
[Fig. 1] 
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